Iatrogenic hepatic arterial injury during organ recovery increases ischaemic times and risk of hepatic artery thrombosis. A review of CT imaging prior to organ recovery would alert retrieving surgeons to the presence of anatomical variants. This study aimed to identify the proportion of donors with coincidental CT scans for review and the ability of organ retrieval surgeons to interpret these images. Consecutive organ donors with coincidental abdominal contrast enhanced CT scans were assessed by review of an electronic radiology database. These images, with additional cases, were blindly reviewed by organ recovery surgeons to assess their ability to define anatomy. 13/156 donors had coincidental imaging for review. Using 23 CT sequences, the median positive and negative predictive value of surgeons to correctly describe right hepatic arterial anatomy was 0.83 and 0.94, of the left hepatic anatomy was 0.75 and 0.94 respectively. The availability of CT imaging for review prior to donation is low. However, when available, surgeons can correctly define hepatic arterial anatomy in the majority of cases. A practice of routinely reviewing available imaging prior to organ recovery would be expected to decrease iatrogenic arterial injury.
Introduction
Anatomical variations of the arterial supply of the liver are not uncommon. The normal "textbook" anatomy of the hepatic artery is observed in approximately three quarters of humans with replaced or accessory right and left hepatic arteries responsible for the vast majority of "abnormal" cases [1, 2] . The technique of liver retrieval for transplantation aims to minimise injury to the donated organ occurring during procurement, storage and implantation. Injury can be in the form of ischaemia-reper-fusion or damage to the liver itself, hilar structures or inferior vena cava. These latter injuries typically occur during the process of organ retrieval. Iatrogenic arterial injury occurs during organ procurement necessitating reconstruction prolonging ischaemic duration, predisposes to hepatic artery thrombosis and increases the need for retransplantation [3, 4] and may, rarely, render an organ unusable [5] .
Computerised tomographic (CT) imaging permits an assessment of vascular anatomy. If CT was performed upon organ donors prior to organ retrieval a preoperative assessment of the arterial anatomy could be performed. It is, however, unethical to submit organ donors to investigations unnecessary to their medical management prior to donation. Thus only those patients who have coincidental imaging could be reviewed prior to organ procurement.
The aim of this study was to assess how many donors have coincidental imaging of their abdomen and to further identify whether organ procurement surgeons can correctly identify hepatic arterial anatomy by interpretation of these scans.
Methods
This project is comprised of two components; firstly to identify how many donors have coincidental imaging, consecutive organ donors at the Leeds General Infirmary or St James Hospital Leeds were identified from a national database (personal communication with NHS Blood and Transplant, Bristol, United Kingdom). These patients' records were searched for CT imaging available for review. Patients were included if they had a CT sequence of the abdomen including views of the liver, coeliac axis and superior mesenteric artery origins. The time limit for inclusion in the study was August 2004 to November 2010. This start point was selected as this was the date when an electronic computer based radiology software package replaced printed x-ray film.
Secondly, the ability of liver procurement surgeons to accurately describe hepatic arterial anatomy using CT scans was assessed. The surgeons active at St James Hospital at the end of the study period were asked to participate (N = 7; all senior surgical trainees or fellows able to independently perform abdominal multiorgan retrieval). To provide a realistic case load all donors identified from the above search were used for review. As the scans were coincidental there was no formal protocol for processing the images or providing arterial or portal venous phase contrast. Each scan was reviewed by a consultant hepatobiliary radiologist (MS) for this study. On review of these images, predictably, there was a low number of cases of replaced/accessory hepatic arteries (replaced/accessory right hepatic artery, rRHA, 1 of 13 and replaced/accessory left hepatic artery, rLHA, 3 of 13). Thus additional patients, undergoing liver or pancreatic resection at St James' hospital, were identified. Their arterial anatomy was defined at the time of the operation. To increase the proportion of subjects with replaced/ accessory hepatic arteries only every fourth patient with normal anatomy was included.
Ten additional CT scans were available for review. In total there were 23 patients comprising 13 with no replaced hepatic arteries; of the ten remaining cases there were 5 with rLHA and 6 with rRHA, 1 had both rLHA and rRHA.
The surgeons and radiologist were blinded to the actual arterial anatomy. For each of the surgeons the sensitivity, specificity, positive and negative predictive values (PPV + NPV) were calculated. Data is presented as median (interquartile range). Interobserver agreement between retrieval surgeons was assessed using Fleiss' Kappa on a scale of 0 to 1. A medical statistician advised and provided the analyses (JH).
Surgeons were also asked to describe other vascular anatomy that would be relevant to liver organ retrieval.
Results

The Incidence of Coincidental Abdominal CT Imaging for Review amongst Organ Donors
Over the 71 month study period there were 156 donors of which 13 (8%) had coincidental CT imaging suitable for review. Patients suffering a traumatic death were the most likely group to have coincidental imaging (N = 9/24 (38%) vs. medical cause of death N = 4/132 (3%), P = <0.001).
The Ability of Organ Retrieval Surgeons to Identify Replaced/Accessory Hepatic Arterial Anatomy on Review of CT Imaging
The positive predictive value (PPV) and negative predictive value (NPV) of surgeons to correctly identify the presence, or not, of a rRHA was 0.83 (0.69 -0.92) and 0.94 (0.91 -0.94) respectively (median, IQR). The PPV and NPV of surgeons to correctly identify the presence, or not, of a rLHA was 0.75 (0.63 -0.78) and 0.94 (0.89 -0.95) respectively. This data including sensitivity and specificity are expressed in Table 1 .
There was substantial agreement between surgeons describing the RHA and fair agreement when describing the LHA anatomy (Kappa = 0.64 and 0.40 respectively).
The images did demonstrate other aberrant anatomy in several cases. There were two cases where the RHA arose from the coeliac trunk but passed posterior to the main portal vein (Figure 1) . In one case the RHA was divided during the organ procurement. These cases were correctly identified on review of the imaging by 3/7 and 1/7 surgeons. In one case the common hepatic artery arose directly from the aorta, this was identified by 5/7 surgeons. In a final patient large left upper quadrant varices were present, identified by 3/7 surgeons. 
Discussion
This study aimed to identify how many organ donors have coincidental abdominal CT scans available at the time of organ procurement and how able retrieval surgeons are to interpret these images. The overall incidence of imaging was low at 8% though 38% of those dying following trauma had scans available for review. There were no cases of alternative methods of imaging the vascular anatomy, such as doppler ultrasound or angiography, identified in any of the donors. The other main finding was the high negative and positive predictive values associated with surgeons correctly describing hepatic arterial anatomy. The NPV was highest and is probably the most important observation. A lower PPV suggests that surgeons would be more likely to incurrectly suspect the presence of a replaced/accessory hepatic artery. Presumably the consequence of this would be increased care during the process of organ retrieval. Regardless of the availability of pre-operative imaging iatrogenic injury is avoidable with careful surgical technique and constant vigilance during the process of organ recovery.
The hepatic arterial anatomy, as considered normal by the classic textbook description, is observed in 76% of humans [1] . After studying 200 cadavers, Michels [6] proposed an internationally recognized classification of the hepatic artery variations into ten types, simplified into six types in 1994 [1] . In liver transplantation, early recognition of anatomic vascular anomalies can prevent vascular damage during harvesting and back-table surgery, and permits careful planning of reconstruction, when needed.
It is of extreme importance that organs for transplantation are retrieved without iatrogenic injury. Nijkamp et al. analyzed the incidence, risk factors, and clinical outcome of surgical injuries in 241 adult liver grafts [3] . The rate of hepatic artery injury was 12.5% and significantly higher in livers with replaced/accessory hepatic arteries. Post operative hepatic artery thrombosis was found in 23% of the patients who received a liver with arterial injury compared to 4% without (P < 0.001). In a series of 4234 liver transplants the presence of a replaced/accessory hepatic artery predisposed to HAT which affected 5% of grafts [7] . In extreme cases an organ may be rendered untransplantable; 1% of kidney grafts are lost to iatrogenic injury [5] . Furthermore, unrecognised arterial injury prior to perfusing the liver with cold fluid would increase ischaemic injury.
In the presented cohort of 13 donors with CT images to review there was a single case of iatrogenic damage to the hepatic arterial anatomy. A RHA originating from the coeliac artery but passing posterior to the portal vein was divided. This demonstrates the importance of considering aberrant anatomy other than replaced or accessory hepatic arteries. The available imaging (Figure 1 ) demonstrates this anomaly but was not reviewed prior to organ retrieval highlighting the potential benefit of preoperative review. Whilst not asked directly to describe arterial anatomy adjacent to the portal vein 3 of 7 retrieval surgeons identified this abnormality.
By using co-incidental CT imaging the low incidence of cases for review and interpretation by the retrieving surgeon, not a radiologist, are two significant problems using the presented method. In a French study of donation after brain death donors a specific whole body CT angiogram was performed after declaring brain death [8] . Hepatic vascular abnormalities were observed in 8/27 subjects. Though this technique also permits an evaluation of soft tissue abnormalities it requires performing an investigation for the purposes of donation and could be considered unethical, particularly so in cases of donation after cardiac death (DCD) where this would be impossible. DCD cases are technically more challenging as the entire retrieval process occurs with the donor in a pulseless state. It could be argued that the imaging would be better reviewed by a radiologist within the donor hospital though the high sensitivity, specificity, NPV and PPV of surgeons to correctly identify arterial anatomy is reassuring. It is an assumption of the authors that the availability of senior radiologists, typically late at night, to review these images in a timely manner would be limited. Either way, review of available imaging prior to organ retrieval would permit an evaluation of the hepatic vascular anatomy.
In summary the incidence of pre-mortem coincidental imaging of hepatic vascular anatomy is low. When present, however, retrieving surgeons can correctly identify arterial anatomy in the majority of occasions. Review of such imaging may therefore decrease the risk of iatrogenic damage during organ retrieval.
